Contamination at the surface of the insulator becomes a serious problem. Especially 
Introduction
Currently, polymer materials were developed and began to be used as an insulator on the electrical power transmission line, because it has better dielectric properties compared with porcelain and glass [1] . The usage of porcelain and glass insulator on high voltage system is in appropriate due to high specific mass (2.3-3.9 gram/cm 3 ) which caused higher transmission tower cost. Another consideration is excessive energy used during porcelain and glass insulator manufacturing (over 1000 o C for vulcanization). Polymeric insulator is more economic due to lower specific mass (0,9-2,5 gram/cm ) compared to porcelain (20-40) (10 -3 ) or glass (10 -3 ) [2] . Based on some performance analysis of insulator that has been done, it was found that severest damage to the structure of insulators is the result of electrical tracking process at the surface of insulators. Electrical tracking process is a typical phenomenon which occurs at the surface of the insulator as a result of spots discharge arising at the surface induced. All were the result of the surface wetting and the level of contamination. Once tracking is initiated, the discharge is further accelerated and the track grows. Also once the tracking happens; the nature of the insulator surface will be reduced and cannot be recovered anymore. To enhance the capabilities and performances of insulator, the phenomenon of electrical tracking is investigated by researchers [3] [4] [5] [18] [19] . Leakage current characteristics on epoxy resin with various compound of silicon rubber on new sample and under tropical climate have studied [6] [7] [8] [18] [19] .
Epoxy resin is one of polymeric materials used for high voltage insulators. It showed a considerable good tracking and erosion resistance and suitable for outdoor use. Epoxy resins were used in a large number of fields including surface coatings, adhesives, in potting and encapsulation of electronic components, in tooling, for laminates in flooring and to a small extent in molding powders and in road surfacing.
Compared with the polyesters, epoxy resins generally have better mechanical properties and, using appropriate hardeners, better heat resistance and chemical resistance, in particular, resistance to alkali. The electrical properties of epoxy resins have a dielectric constant about 3.4 -5.7, and a dielectric strength about 100 -220 kV/cm. Power factor of resin epoxy resins is about 0.008 -0.04 [9] . There is several reports explained good insulation properties of epoxy resin used in polluted conditions [10] [11] [12] [13] . According to Berahim [12] epoxy resin is a hydrophilic material therefore, in particular, in the tropical area; humidity and rainfall play an important role in accelerating of degradation process at the surface of the insulator.
Contamination layer will be formed at the surface of the insulator and it will spread at the surface. Leakage current will increase, especially when the insulator surface is wet caused by fog, dew or light rain. Leakage current will initiate the process of heat conduction which occurs at the surface of an insulator and finally flashover or insulation breakdown will occur. According to Tumiran [8] , by using degradation and chemical structure analysis of the RTV silane epoxy resins, it can be known that silane treatment of the filler can improve the electrical performance of RTV epoxy resins insulation material in some operating conditions. When the insulator is wet, a resistive surface LC flows, which is generally many orders of magnitude higher than the capacitive current in the case of dry insulators [5, 13] . This LC results in non-uniform heating of the contamination layer that eventually causes dry bands to be formed at the narrow sections where the surface LC density is highest. The voltage distribution along the surface of wet polluted insulators is very non-uniform when a dry band is formed in series with the conductive film. Since the resistance of the dry band is very high, the whole applied voltage across the insulator appears across the dry band. As a result, the breakdown occurs across the dry band when it reaches the air critical flashover voltage and generates small sparks between the separating moisture films. This process acts effectively as an extension to the electrodes. The heat resulting from the small sparks causes carbonization and volatilization of the insulation and leads to the formation of permanent "carbon track" at the surface. The process is cumulative and continuous, and insulation failure occurs when carbonized tracks bridge the distance between the electrodes [5, 14] . This phenomenon, called surface tracking commonly occurs at the insulator surface under wet contaminated conditions.
The phenomenon of tracking severely limits the use of organic insulations in the outdoor environment. The rate of tracking depends upon the structure of the polymers and adding appropriate fillers to the polymer that inhibit carbonization can drastically slow it down.
The degradation process of the materials due to the electrical discharge stress is influenced by the characteristics of LC and surface tracking behavior.
This paper presents the influence of contaminants on leakage current and formation of electrical tracking on epoxy resin material compound with silicon rubber (SiR). The kinds of contaminant used were NH 4 Cl, coastal and industrial contaminants. Performance parameters which are investigated in this research are leakage current in mA and conditions of surface degradation after test observed by digital microscope. The purpose of this research was to find contaminant which cause severe damage at surface tracking at the sample. 
Research Method 2.1. Research Material
A test material used in this research was epoxy resins formed from diglycidil ether of bisphenol-A (DGEBA) and metaphenylene-diamine (MPDA) compound with silicon rubber (SiR). Composition of test materials is 30% DGEBA, 30% MPDA and 40% Silicon Rubber [18] . To make the test sample, the first step is to mix the silicon rubber (40 grams) with DGEBA (30 grams), and then I stir until evenly distributed. The next step, I mixed MPDA (30 grams) to a mixture of the first one. As a side note, it is not recommended to mix DGEBA and MPDA in the first step because it will be difficult when mixed with silicon rubber. All the test samples made in the room temperature vulcanized (RTV)
The samples were prepared in the form of blocks with dimension of 50 mm x 120 mm x 6 mm. Test samples were drilled to place electrodes as illustrated in Figure 1 , but is weak against ultraviolet radiation.
Silicon rubber is a PDMS which has CH 3 as side group. Different chemical compound in every bond will give different property for each polymeric material [15] . Silicon rubber chemical structure has more flexible siloxane backbone compared to other polymeric material. This flexibility advantage can be understood by chain structure shown in Silicon rubber chain structure doesn't have carbon at the backbone, but present at side group. Those structure show semi-organic structure with high bond energy of S-O which gives very high thermal stability. Bond energy of Si-O is 25% higher than C-C in ethylene backbone. The comparison of main bond energy of several polymeric compound is shown in Table 1 . Eventhough Si-O thermal stability is very good, the ionic property is relatively high which made it easier to be broken by high alkali or acid concentration. Strong Si-O bond gives higher durability for silicon rubber against destruction possibility caused by environment and corona. It also gives same similar property as glass or quartz which don't cause conductive layer when burned (for example : burned by electrical arc). In the other hand, silicon rubber also has stable elasticity within -50 o C to +230 o C range which is the most important property of electrical insulator material [16] .
Electrodes
All electrodes, fixtures and assembly elements associated with the electrodes, such as screws, shall be made of stainless steel material [17] . The electrode assembly is shown in Figure 4 (all dimension in mm). The top electrode is shown in Figure 4 .a and the bottom electrode is shown in Figure 4 
Contaminants
There are three kind of contaminants used in this research. The first contaminant had concentration of 0.1 ± 0.002 % by mass of NH 4 Cl (ammonium chloride) and its conductivity is 2170 µS/cm. Other contaminants are from industrial and coastal area. Conductivity of industrial contaminant is 3540 µS/cm and conductivity of coastal contaminant is 1420 µS/cm. Detail of industrial and coastal contaminant data are as follow: Table 2 and 3, we know contaminant from industrial and coastal areas have some elements such as Kalium (K), Natrium (Na), Calcium (Ca) and Magnesium (Mg).
Filter Paper
These contaminants were flowed on the surface of materials using a peristaltic pump. There were eight layers of filter-papers as a reservoir for the contaminant that was clamped between the top electrode and the specimen. The approximate dimensions were given in fig. 5 . 
Test Circuit
The tests were carried out using a high voltage AC 50 Hz. The test voltage 3.5 kV was applied to the top electrode while a contaminant flowed along the underside of the sample. In this test, method 1 : the constant tracking voltage was used, and the time to start tracking was also determined. The schematic diagram for this test is illustrated in Figure 6 . High voltage AC 50 Hz with a voltage of 3.5 kV was generated from 5 kVA transformer test. Resistor 22 k was used to resist the current flowing on the surface of the material in the event of discharge. Peristaltic pump was used to drain the solution of contaminants. Discharge current will be read and recorded by Oscilloscope in time of discharge at the surface of the material. Measurement data in the form of discharge current and discharge time of the first occurrence was then stored and used to analyze the surface condition. Figure 7 below describe the flow of contaminant from top electrode (Fig.7.a) while the formation electrical track from the bottom electrode (Fig.7.b) . 
Results and Analysis

Leakage Current
Leakage current characteristics and surface conditions of sample at several of the contaminant degree were expressed by conductivity value. All conductivity data results are shown in the Table 5 as follow: Based on Figure 8 we know the discharge started to occur at 4746 second for coastal contaminant ( 1420 µS/cm) and at 550 second for NH 4 Cl (2170 µS/cm) in Figure 9 and at 818 second for industrial contaminant (3540 µS/cm) in Figure 10 . 9 and 10 show the influence of contaminant on leakage current of test samples. Also, we know that the first discharge time and current discharge are influenced by the conductivity of the contaminant. The conductivity of contaminant plays an important role in increasing the surface tracking at the surface of polymer materials. At a very high conductivity (3540 S/cm as industrial contaminant), the current discharge is smallest. Meanwhile for coastal contaminant with 1420 S, it needs longer time to discharge occurred but the current discharge was very high. Contaminant at the surface of the material with high conductivity tends to become conductive bridge between top and bottom electrode when the contaminant was flowed.
Comparing figures 8, 9 and 10, it is concluded that conductivity of contaminant plays an important role in initiate the leakage current.
Formation of Electrical Tracking
Electrical tracking at the surface of the material sample is due to heating at the surface of the material at the time of leakage current flow. Leakage current at the surface of the material When the flashover voltage of air critical (V c ) was achieved, carbonization process took place and water vaporization happened. Permanent carbonized path were formed. These process were continuous and cumulative and finally insulation breakdown occurred. Surface discharge also happened. Erosion at samples surface was followed by formation of pattern filament in which produce electrical tracking. Various surface condition for each contaminant is shown in Figure 11 . Surface damage condition for each samples at different kind contaminant were investigated by digital microscope (zoom in 500 times). Conditions of sample surface are shown in Figures 12, 13 show the track start from bottom electrode. X. Wang [3] investigated the tracking induced on polystyrene sample using acid rain and NH 4 Cl. The track on virgin sample is narrow and shallow, like a bean sprout, but that on aged samples spreads all over, like the jungle. It is clear that the discharge and tracking on an aged sample are severer than those on a virgin sample, and tracking is easily induced on the aged sample. When a virgin sample is subjected to the tracking test using acid rain contaminant instead of the NH 4 Cl solution, the track propagates and penetrates deeply into the sample like Figure 12 and 14, the reason being that the artificial acid rain used is severer than the NH 4 Cl solution, i.e. has higher acidity and conductivity. From the figures 12, 13 and 14, we know that severest damage of sample surface was with coastal contaminant (Fig.12) . The forming of carbon happen at the sample surface. This also happen at the sample with NH 4 Cl contaminant (Fig. 14) , however, samples with industrial contaminants had wider surface damage than that of the coastal contaminant (like bush).
Sarathi [5] explained that tracking is a surface-degradation phenomenon that occurs when the contaminants collect on the surface of an insulation material. When AC high voltage is connected to the top electrode, leakage current flows in the conductive path formed by the contaminant (between top and bottom electrode). This leakage current causes non-uniform heating of the surface, thereby forming a dry-band zone in the continuous wet film formed by the contaminant flow, resulting in regions of very high resistivity between the edges of the remaining wet film surface. Electrical tracking on the surface of the material sample is due to heating at the surface of the material at the time of leakage current to flow and once the process of erosion. Leakage current on the surface of the material is due to the contaminants that flow on the surface material. Nearly the entire surface voltage (the applied voltage) will appear across the dry band.
Conclusion
The electrical tracking of epoxy resin compounded with the silicon rubber at various contaminant were investigated by analyzing leakage current and formation of electrical tracking under the inclined-plane tracking test method. The experimental results showed that the contaminants significantly affect the electrical tracking process. Influence of these contaminants can be analyzed using discharge current parameters, i.e. the timing of discharge and material surface conditions.
Based upon experiment result, it is found that industrial contamination resulting in the smallest surface leakage current is 327.6 mA. Also it is found that coastal contaminant (1420 S/cm) showed the severest damage at surface of test sample. Therefore special treatment are needed to test sample under conditions of coastal and NH 4 Cl contaminants, so that the material performance can be improved, especially against the electrical tracking.
